h m fertilizer N applied the 2nd yr, and from indigenous soil N (plus fixed N for soybean).
Grain and straw (stover) production of both crops in 1981 were residue rate increased, possibly originating mainly from N temporarily immobilized in microbial biomass. Uptake by soybean of current-year fertilizer N also increased slightly with residue rate. The fraction of total N in soybean derived from indigenous soil (plus fixed) N decreased with increased residue rate from about 85% for no residues to 55% for the 1.5 residue rate. For corn, essentially none of the N immobilized in corn residues was recovered by the next crop at any residue rate. Uptake of labeled N immobilized in soil organic matter was not affected by residue rate, but uptake from 1981 fertilizer treatment increased about 6 kg ha-' with increased residue rate. Over 80% of the total N uptake by corn in 1981 came from indigenous soil N, regardless of residue rate.
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Exp. Stn., Univ Nebraska-Lincoln. Published as Paper N MOST CROPPING SYSTEMS, the nitrogen (N) re- (Kitur et al., 1984; Legg et al., 1979) . Recent research has shown that reduced and no-tillage systems may greatly alter N cycling and availability (Kitur et al., 1984; Legg et al., 1979; Power, 1981) . Soil organic, mineralizable, and microbial biomass N are usually greater in surface soil receiving no tillage than in soil where crop residues are incorporated by tillage (Doran, 1980) . Thus, one might expect that crop residue placement could significantly affect the availability of N from various sources.
Several investigators have used labeled-N isotopes t o estimate availability of N from several sources for crop uptake and growth. Yaacob and Blair (1980) found an average of 15.4% of the 15N in soybean residues was taken up by rhodesgrass (Chloris gayana Kunth) in pot experiments. In the same study, 13.7 t o 55.5% of the 15N in residues of siratro [Macroptilium atropurpureum (DC.) Urb.] was used, increasing as the number of previous crops of siratro grown in the soil increased from one to six. They also found addition of residues from either crop increased uptake of native soil organic N by the grass. The N in crop residues is probably first assimilated into microbial biomass (Amato and Ladd, 1980) . This N is later released as inorganic N, which is available to a growing crop, utilized by subsequent generations of soil organisms, or polymerized into cyclic C compounds with increasing resistance to microbial degradation (Allen et al., 1973; Martin et al., 1980) . For example, Broadbent and Nakashima (1974) found 38% of N added in barley (Hordeum vulgare L.) straw and 57% of N added in roots remained immobilized as soil organic N after 5 yr of incubation, presumably as resistant cyclic-N compounds. Because the addition of crop residues changes relative N and C availability for microorganisms (Cochran et al., 1980) , and because the presence of surface crop residues greatly changes soil temperature and water regimes (Doran et al., 1984) , one might expect relative uptake of N from soil, crop residue, and fertilizer sources to vary widely with management practices.
MATERIALS AND METHODS
Corn, sorghum [Sorghum bicolor (L.) Moench], and soybean (four replications) were grown in rotation 1978 through 1980 on a Crete-Butler silty clay loam (fine, montmorillonitic, mesic Pachic Arguistolls-Abruptic Argiaquolls) in eastem Nebraska. After harvest, each autumn, the amount of crop residue on the soil surface was adjusted to approximately 0, 50, 100, or 150% of the quantity of residue produced by the previous crop. The next crop in the rotation was then no-till planted the following spring. In 1978 and 1979, NH4N03 was surface broadcast at 70 kg N ha-' on corn and sorghum, and no N was applied to soybean. Data on crop growth and yield, and on soil water and temperature regimes for the 1978 through 1980 crops were recently published (Doran et al., 1984) .
Starting with 1980, the crop rotation was stopped, and continuous corn and soybean were produced on their respective plots (sorghum was dropped from the experiment). In April, 45 kg N ha-' as NH4N03 was surface broadcast on all plots (148.6 m2). The crop residue rate treatments of 0, 50, 100, and 150% of residues produced by the previous crop were maintained with a no-till system. Each corn and soybean plot was divided in half during 1980, with one side receiving 15N-depleted NH4N03 (99.99% 14N), and the other side regular commercial NH4N03 (99.635% I4N).
Aboveground plant growth was sampled (2.4 m2) at midseason in 1980, dried, weighed, and analyzed for total N content and N-isotope ratio (Keeney and Bremner, 1966) . Soil samples were also taken in 11 5-mm diam cylinders to a depth of 1 15 mm (8 per plot), crop residues screened out, and 1 M KC1 soil extracts were analyzed for inorganic N content and N-isotope ratio in the inorganic N fraction. Crop residues screened out were weighed and analyzed for total N and N-isotope ratio.
At maturity, grain yields were determined by combineharvesting eight rows (0.76-m spacing) 11.6 m in length. Straw (stover) weight was determined by collecting and weighing all residues from the combine harvester plus the remaining standing stubble for the entire half of each plot (6.1 X 12.2 m), and correcting for water content. A subsample of 8 to 12 randomly selected plants was removed at maturity from each half-plot, dried, ground, subsampled, and analyzed for total N and N-isotope ratio. Soils were sampled by 150-mm depth increments to 0.6 m and analyzed for inorganic N content and isotope ratio in the inorganic N. - After harvest in 1980, crop residues from the 15N-depleted half of each plot were replaced at the appropriate rate (0, 50, 100, or 150% of that produced in 1980) on the other half of each plot, i.e., on the half that had not received labeled fertilizer in 1980. Likewise, residues from the half-plot without 1980 labeled fertilizer were placed on the respective halfplot that received label in 1980. Residues were cut 50 to 100 mm above the soil surface, so crowns and roots were not transferred. By this procedure, we could separate the labeled N taken up in the 198 1 crop into that originating from 1980 crop residues and that originating from labeled isotope immobilized in 1980 as soil organic N (none of the labeled N applied in the spring remained as inorganic soil N after harvest). The additional residue biomass needed for the 1.5 treatment came primarily from the plots from which 50% of residues were removed (0.5 treatment). Occasionally, insufficient residue was available from this treatment, so some residue from the 0% treatments was used. After spreading crop residues, all plots were covered with polypropylene mesh (approximately 25-mm openings) over winter to prevent residue from one half-plot blowing or washing onto an adjacent -half-plot.
In spring of 198 1, each whole plot was split perpendicular to the 1980 split, with half of each plot receiving labeled fertilizer in 1981 and half receiving unlabeled NH4N03 at 45 kg N ha-' broadcast on the surface. Thus, each main plot was divided into four quarters, each contributing labeled N to the 1981 crop fiom different combinations of sources (1980 fertilizer, 1980 plus 198 1 fertilizer, residues alone, and residues plus 198 1 fertilizer). Amount of labeled isotope taken up by the 198 1 crop could then be divided among that originating from residual effects of 1980 fertilization (~robablv immorbilized as organic N), from 1980 crop residues on thk soil surface, and from the 198 1 fertilizer application. Soil N uptake could be calculated by the difference between total and labeled N uptake. In May 1980, soils were again sam- t Indigenous soil N plus biologically fixed N.
pled (1 5-mm intervals to 0.6 m) and analyzed for inorganic N. Corn and soybean crops were again seeded no-till and sampled midseason and at maturity in 1981, as described above. However, at the July plant sampling date, six corn or 10 soybean randomly selected plants were harvested at ground surface from each quarter of each plot (outside of area harvested at maturity) for total N and N-isotope ratio analysis. All N analyses (total, soil inorganic, and N-isotope ratio) were performed using procedures adapted from those published in Black (1 965). All data were analyzed statistically by analysis of variance, using a randomized-block design with four replications. Least significant differences between means (LSD,,,) were then calculated.
RESULTS AND DISCUSSION
The 1980 growing season was characterized by extreme water and temperature stress (Doran et al., 1984) for several weeks before and after inflorescense of corn (stress through most of July and early August). In contrast, water and temperature stresses during 198 1 were much less evident, and growth of nonirrigated crops was reasonably normal for the region.
Dry weight of whole soybean plants in July was not affected by residue rate (Table 1) . Dry weight of both soybean grain and straw at harvest (October) generally increased with increased residue rate, and the dry weight increase between July and October was approximately equal to the weight of the grain produced. Likewise, total N uptake by soybean (grain plus straw) tended to increase as residue rate increased-an exception was the July whole-plant sample at the 1.5 residue rate. In October, total N uptake for soybean (grain plus straw) from the 1.5 residue rate was almost double that for the 0 residue rate. Labeled N uptake increased with increased residue rate in the July wholeplant samples (except the 1.5 rate) and in the grain harvested in October, but not in the straw left in the field after harvest. Uptake of soil plus biologically fixed N in grain plus straw also increased with residue rate for all sample sets, and again, by October, quantities for the 1.5 residue rate were about double those for the 0 residue rate. Whole-plant uptake of labeled isotope increased by 3 to 13 kg N ha-' between July and October, while uptake of soil plus fixed N increased by about 7 to 150 kg N ha-' during this period. For the 0 residue treatment, total dry weight of corn did not increase between July and October because of the severe drought that occurred at and after inflorescence, resulting in essentially no grain yield (Table   2 ). At the 1.5 residue rate, dry weight increased > 50% during this period, resulting in low but significant grain production. Total, labeled, and soil N uptake for corn on 0 residue plots decreased between July and October, partially resulting from loss of almost all leaves during this period. With residue-treated plots, generally there was little or no increase in either soil or labeled N uptake between July and October. As with soybean, total and soil N uptake by corn tended to increase greatly with increased residue rate, while increases in labeled N uptake were much less. Very little labeled isotope was removed with grain harvested in 1980.
Soil inorganic N was monitored throughout the 1980 and 198 1 growing seasons. Labeled isotope applied as NH4N0, in spring 1980 had essentially disappeared from the inorganic soil N fraction by May 1981 for both crops (<kg ha-'). Prior to fertilization in 198 1, about 22 to 33 kg inorganic N ha-' was found in the surface soil (1 15 mm), with the higher values for the 0 residue rate.
In July 1981, dry weights and total uptake for both soybean and corn were greatest at the 1.0 residue rate (Table 3) . Dry matter or total N uptake at the 1.5 rate was not significantly different from that for no residues. The same trends were noted for total N uptake at this sampling date. This reduction in early-season growth at the 1.5 residue rate may have resulted from cooler early-season soil temperatures measured for the 1.5 residue rate (Doran et al., 1984) . No labeled N from the residues of the 1980 crop was taken up by July 198 1. For corn, uptake of labeled N was about the same from the 1981 fertilizer as from the 1980 fertilizer that had been immobilized in the soil. For soybean, uptake from 1980 immobilized labeled N was about half that measured from the 1981 fertilizer. Uptake from these two fertilizer sources combined ac- counted for only 10 to 15% of the total N uptake at this time.
By harvest in 198 1, total dry-matter production by both soybean and corn for the 1.5 residue rate was nearly twice that for the 0 rate (Table 4) . For both crops, increasing residue rate increased production of both grain and straw or stover. This result agrees with results obtained by Doran et al. ( 1 984) in earlier years. Straw or stover production for the two crops at any given residue rate was generally comparable, but grain yields for corn were approximately double those for soybean.
Essentially all of the labeled N applied in soybean residues was recovered in the soybean grain harvested in 1981 (Table 5 ). An apparent exception was the 1.6 kg ha-' labeled N applied in residues for the 0.5 res- idue rate, but this value is probably well within the experimental error for data derived by these calculations. For the 1.0 and 1.5 rates, essentially all labeled N from 1980 residues was found in the 198 1 soybean grain, with practically none in the straw. This plus data from the July sampling (Table 3) suggest N in soybean residues was mineralized and taken up after July. Uptake in 198 1 by soybean of 1980 labeled N immobilized in soil organic matter tended to increase with added crop residues (Table 5) . Like total and labeled N uptake from residues, much of this 1980 labeled N was found in the grain. Uptake of 1980 labeled N from N immobilized in crop residues plus that in soil organic matter increased from 1.7 to 11.3 kg N ha-' with increased residue rate. Adding to this the 4.5 to 10.4 kg labeled N ha-' removed by the soybean seed harvested in 1980 (Table 1) and adjusting for label in the residues added or removed before 1981, total recovery from the 45 kg labeled N ha-' applied in 1980 increased from 10.1 to 19.9 kg ha-' with increased residue rate. Thus, recovery of the 1980 label by soybean in the 2 yr increased from about 22 to 44% with increasing residue rate.
Labeled N recovered in the 198 1 soybean crop from the 198 1 fertilizer N application was least for the 0 residue treatment (Table 5 ). This is similar to results obtained in 1980 (Table 1) and reflects mainly differences in plant growth due to residue treatment. Again, about 85% of this label was found in the grain. Most of the uptake of 198 1 labeled N occurred after the July sampling (Table 3) , whereas most of the uptake of 1980 label occurred before this date.
Essentially, no 1980 labeled N added in crop residues was recovered by the 198 1 corn crop (Table 6 ). This is in contrast to data for soybean (Table 5) , where most, if not all, N in residues was recovered by the following crop, and undoubtedly reflects the lower C/ N ratio of soybean residues compared to corn residues. Recovery of 1980 labeled N immobilized in soil organic matter approximated values reported for the July sampling (Table 3) . Total recovery of 1980 label in the 1980 plus 1981 corn crops was low and not greatly affected by residue rate, ranging from 5.1 to 6.8 kg labeled N ha-' recovered. This corresponds to only 12 to 16% of the fertilizer applied and agrees with the conclusion of Power and Legg (1984) that final recovery of fertilizer N applied to a crop in a year of drought is often relatively low.
Recovery of labeled N applied to corn in 1981 in- creased with increasing residue rate (Table 6 ). Recovery was only about 10 to 24% of that applied, however, and was about equally divided between grain and stover. As with soybean, almost all uptake of 1980 label occurred prior to the July sampling, while much of the 1981 label was taken up after this date. This observation may indicate that 1980 labeled N immobilized in soil organic matter was in a form that was readily labile and was mineralized and utilized early in the cropping season. The soil N pool that most readily fits this description is the microbial biomass (Amato and Ladd, 1980) . Sources of the N taken up by the 1981 soybean and corn crops varied with residue treatment and crop. For soybean, total N uptake increased twofold as residues increased from the 0 to the 1.5 rates. Data in Table 5 indicated that 100% of the N in 1980 crop residues at the 1.0 and 1.5 rates (Table 1) was taken up by the 198 1 soybean crop. Thus, most of the differences in total N uptake resulting from different crop residue rates were accounted for by differences in the amount of N present in these residues at the beginning of the 1981 season. Although uptake from both residual (1 980) and current (1 98 1) fertilizer applications also tended to increase with residue rate, these differences were small in comparison to the quantities accounted for by utilization of N in the crop residues returned to the soil surface. Uptake derived from mineralization of native soil N plus biologically fixed N (calculated by difference) was the major source of N for soybean in all treatments, and was slightly greater for residue-treated soils than for those without residues. Data do not permit any estimate of biological fixation.
Somewhat similar trends in sources of N were observed for corn (Table 7) . Total uptake again increased greatly as residue rate increased; however, essentially none of the N present in 1980 crop residues was utilized by the 198 1 corn, even though as much as 1 14 kg N ha-' was added in residues (Table 2) . Data available in this experiment do not permit us to address the question of the fate of this N. Similar to soybean, total N uptake by the 1981 corn crop also increased almost twofold as residue rate increased. Amount of N taken up from either residual (1980) or current (198 1) fertilizer treatment increased modestly with increased residue rate, but collectively, these two sources accounted for only a small part (about 12%) of the total N used by the 1981 crop. Most of the N (about 85%) in the 1981 crop came from mineralization of the native soil N. It is interesting to note that quantities of soil N used by the two crops were usually very similar. Because of experimental procedures used and variation inherent in this type of approach, absolute values reported in Table 7 were subject to a relatively large error; however, trends and magnitudes observed should be valid (because these are derived data, statistical methods of mean separation are not appropriate). Essentially, these trends indicate that N in soybean residues was used much more effectively by subsequent crops than was N in corn residue when left on the soil surface; increased N uptake resulting from increased residue rate was often derived from all available sources of N; and the bulk of the N utilized by either crop came from mineralization of native soil N (plus fixed N for soybean). The increased availability and uptake of native soil N resulting from greater crop residue cover may have resulted from the more favorable soil water regimes associated with residue cover (Doran et al., 1984) . Fate of the 114 kg N ha-' added in 1980 corn residues at the 1.5 residue rate cannot be determined from available data. Presumably, much of this was immobilized into various soil organic N pools with varying turnover rates (Broadbent and Nakashima, 1974; Yaacob and Blair, 1980) and may be partially recovered over time. Additional research using enriched 15N is needed to study longterm transformations of N immobilized in corn stover returned to the soil. 
